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The pancreatitis caused by an annular pancreas rarely needs a surgical management in children. Here, we
report a case of a 6-year old girl in whom pylorus-preserving pancreatoduodenectomy (PPPD) was
performed for the pancreatitis caused by an annular pancreas. As she had previous operations for
duodenal atresia and pancreaticobiliary maljunction, PPPD was chosen as a deﬁnitive surgical treatment
of annular pancreas. She has been free from symptoms for 2 years after the operation.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Annular pancreas is a rare congenital anomaly in which a
complete or partial ring of the pancreatic tissue surrounds the
descending duodenum. Although annular pancreas is often asso-
ciated with congenital duodenal obstruction [1,2], it could be a
cause of pancreatitis in adults and children [3e5]. However, the
pancreatitis caused by an annular pancreas rarely needs a surgical
management in children. We herein report a case of a 6-year-old
girl in whom pylorus-preserving pancreatoduodenectomy (PPPD)
was performed for the recurrent pancreatitis caused by an annular
pancreas.1. Case
The patient underwent duodenoduodenostomy for duodenal
atresia associated with annular pancreas in her neonatal period,
and did well after the operation. At 3 years of age, she had acuteoduodenectomy; PBM, pan-
e cholangiopancreatography;
y.
BY-NC-ND license (http://
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Published by Elsevier Inc. All righpancreatitis due to pancreaticobiliary maljunction (PBM), and un-
derwent excision of the dilated extrahepatic bile duct with Roux-
en-Y hepaticojejunostomy. At 6 years of age, she was admitted to
our hospital with severe abdominal pain and vomiting. Laboratory
data showed normal liver function and abnormal pancreatic func-
tion tests with elevated serum level of amylase (2773 U/l; normal
range, 33e120 U/l). CT scan showed a remarkably swollen pancreas
head accompanied by multiple calciﬁcation (Fig. 1). Magnetic
resonance cholangiopancreatography (MRCP) showed a dilated
annular pancreatic duct in the head of the pancreas, whereas the
main pancreatic duct in the body and tail was normal (Fig. 1).
Endoscopic retrograde cholangiopancreatography (ERCP) was not
successful due to the previous duodenoduodenostomy. CT and
MRCP revealed that the pancreatitis was limited to the pancreas
head. Because of the complicated anatomy of the duodenum and
the pancreas head, PPPD was chosen as a deﬁnitive surgical treat-
ment for the pancreatitis.2. Operation
Through the upper abdominal transverse skin incision, the du-
odenum and the remarkably swollen pancreas head were identi-
ﬁed. After taking down the previous duodenoduodenostomy, the
pancreas was divided at the level of the supra mesenteric vein. The
body and tail of the pancreas were normal with a main pancreaticts reserved.
Fig. 1. CT and magnetic resonance cholangiopancreatography (MRCP) CT showed a remarkably swollen pancreas head accompanied by multiple calciﬁcation. MRCP showed a dilated
annular pancreatic duct with pancreaticobiliary maljunction in the head of the pancreas. The main pancreatic duct in the body and tail of the pancreas was normal.
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pated in conjunction with the duodenum. A new Roux-en-Y
reconstruction was performed with pancreatojejunostomy and
duodenojejunostomy (Fig. 2). The macroscopic ﬁndings showed
that the obstructed descending duodenum was surrounded by the
complete ring of the pancreas tissue (Fig. 3). The postoperative
pancreatogram of the extirpated pancreas showed a dilated
pancreatic duct circling the duodenum completely (Fig. 4). Post-
operative course was uneventful and the patient discharged on the
24th postoperative day. She is currently free from any symptoms 2
years after the operation.
3. Discussion
Among the wide variety of congenital pancreaticobiliary mal-
formations causing pancreatitis, annular pancreas is rare and
difﬁcult to treat because of its complicated anatomy. There have
been several reports describing that annular pancreas itself pre-
disposes to localized chronic pancreatitis and pancreatolithiasis in
adults [6,7], and that pancreatobiliary neoplasia occasionallyFig. 2. (A, B, C): Operative procedures. A) Dividing the previous duodenoduodenostomy, B) T
was performed with pancreatojejunostomy and gastrojejunostomy.presents in adults with annular pancreas [8e10]. In contrast to the
adult cases, there have been no reports of pancreatobiliary
neoplasia associatedwith annular pancreas in children. The data on
pediatric cases [11] indicated that pancreatitis in the setting of
annular pancreas is often associated with concomitant pan-
creaticobiliarymalformations including pancreas divisum, PBM, or
duodenal diverticulum. In the present case, the patient had
duodenal atresia and PBM in conjunction to the annular pancreas.
As the patient already underwent duodenoduodenostomy for
duodenal atresia and ﬂow-diversion surgery for PBM, the annular
pancreas was thought to be the main cause of the recurrent
pancreatitis at 6 year of age. The anomalous pancreatic duct circling
the duodenum might have induced insufﬁcient drainage of
pancreatic secretions. Although annular pancreas is a frequent
anomaly in infants with congenital duodenal obstruction, there
have been a few reports of annular pancreas with pancreatitis
treated surgically in children [12e15] (Table 1). Crombleholme
et al. [12] and Laje et al. [15] reported modiﬁed Puestow procedure
in a child with pancreatitis due to annular pancreas. Urushihara
et al. [13] and Okuyama et al. [14] reported Frey procedure with orhe pancreas head was extirpated with the duodenum. C) New Roux-en-Y reconstruction
Fig. 3. Extirpated annular pancreas. Finally the annular pancreas head was extirpated
in conjunction with the duodenum. The obstructed descending duodenum was sur-
rounded by the complete ring of the pancreas tissue. The annular pancreas was indi-
cated with arrows.
Fig. 4. Pancreatography of the extirpated pancreas head. The postoperative pancreatogra
obstructed duodenum.
Table 1
Surgical management for annular pancreas associated with pancreatitis.
Case Author (year) Sex Previous surgery
Age at
operation
Procedure
1 Crombleholme [12] (1990) F 2d DD
2 Urushihara [13] (2010) M 3d DD
3 Urushihara [13] (2010) M 6d DD
4 Okuyama [14] (2010) M newborn DD
5 Pablo Laje [15] (2013) ND at birth DD
6 Present case F 3d DD
3y 1m Flow-diversion
surgery for PBM
DD, duodeno-duodenostomy; LPJ, longitudinal pancreaticojejunostomy; ND, not describ
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indicate that several surgical options are necessary to treat annular
pancreas depending on the concomitant pancreaticobiliary mal-
formations. Although PPPD seems to be a deﬁnitive surgical
treatment for annular pancreas, there have been no previous
reports of PPPD in children with pancreatitis caused by annular
pancreas. Sakorafas et al. reported that PPPD provided long-lasting
pain relief in more than 80% of adult patients with chronic
pancreatitis and was associated with signiﬁcant postoperative
morbidity and pancreatic insufﬁciency [16]. As the number of pa-
tients is limited, the long-term outcome of children who undergo
PPPD remains unclear. In the present case, the patient is in good
health 2 years after the operation without any symptoms of
malabsorption or glucose intolerance. The localized pancreatitis
within the pancreas headmight have contributed to the good long-
term outcome without pancreatic insufﬁciency. As long-lasting
chronic pancreatitis raises the risk of pancreatobiliary neoplasia,
PPPD should be considered as a surgical option for pancreatitis due
to annular pancreas, even in children.Consent
Written informed consent was obtained from the patient and
her parents for publication of this case report and any accompa-
nying images. A copy of the written consent is available for review
by the Editor of this journal.m of the pancreas head showed a dilated annular pancreatic duct surrounding the
Surgery for annular pancreas with pancreatitis
Age at operation Procedure
4.5y LPJ (modiﬁed Puestow procedure)
6y LPJ (Frey procedure) and plasty of pancreatic duct oriﬁce
10y LPJ (Frey procedure)
3y 8m LPJ (Frey procedure) with Roux-en Y hepaticojejunostomy
5y LPJ (modiﬁed Puestow procedure)
6y 7m Pylorus preserving pancreatoduodenectomy
ed; PBM, pancreaticobiliary maljunction.
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